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Abstract 
Process mapping is a very important activity for any organization or company that wishes to 
have a competetive place in the market.  
Being able to align cross-functional processes and understand the relationships within a 
workflow, does a great deal in removing obsolete work and identifying new opportunities for 
the company. 
Related to that, another important component of this work is measuring the performance of 
the company and being able to track and compare results. Therefore, performance 
measurement becomes a very important tool in order to achieve continous growth and 
understand if the goals are being met. 
These were the assumptions that led to the purpose of this dissertation: to analyze the business 
processes and develop a set of key performance indicators (KPI) for a Third Party Logistics 
(3PL) Warehouse of Kuehne+Nagel, in Norway. 
As a result of the work done at the company, all the physical processes of the warehouse were 
mapped, and work instructions were prepared for each task. The more complex instructions 
were made into activity worksheets, some of which include pictures and drawings for a better 
understanding. 
A set of 10 key performance indicators was specified, thus enabling the company to measure 
the global performance grade of the warehouse. 
The work done in this dissertation will support the training of new staff, measure the 
performance and, later on, lead the way to introduce some tools of Business Process Re-
engineering. 
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1 INTRODUCTION 
This chapter starts by presenting the company and place where the work for this dissertation 
was developed, as well as the project itself and objectives. There is also an explanation of the 
motivation for this project, the work plan, and an explanation of the outline of this report. 
1.1 The company 
Kuehne+Nagel (K+N) is a global transportation and logistics company founded in 1890, 
in Bremen, Germany, by August Kühne and Friedrich Nagel. 
Initially, the company used to concentrate on cotton and consolidated freight. Now, it is one 
of the world’s leading logistics providers with offices in more than 100 countries, operating in 
the following segments:  
 Seafreight – transportation services 
 Airfreight  
 Road & Rail Logistics  
 Contract Logistics 
 Real Estate  
 Insurance Brokers. 
The first three operating segments, Seafreight, Airfreight and Road & Rail Logistics, provide 
transportation services. The segment Contract Logistics operate in activities related to 
warehousing and distribution. The Real Estate is related to activities involving the rental of 
facilities. While the segment Insurance Brokers handles services related to insurance 
coverage, mainly of marine liability (Reuters). 
Kuehne+Nagel Norway 
Figure 1 - Kuehne+Nagel's locations in Norway (Wærpen, 2015). 
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Kuehne+Nagel was established in Norway in 1990. Since then it is located in 17 places across 
the country, with 14 offices and 3 large warehouses (Figure 1). 
This branch of the company offers logistics solutions from international freight forwarding 
services by sea, air, rail and road to customs services, domestic transport, warehousing, 
distribution, and special project logistics. It also provides logistics and supply chain 
consulting. (Kuehne+Nagel, 2015) 
This project was done in the Third Party Logistics (3PL) Warehouse Gardermoen, located 
outside of Oslo. 
As stated by Rajesh et al.(2012), manufacturers typically address 3PL service providers in the 
context of long-term outsourcing of logistics activities. The authors also define these types of 
service providers as companies that perform a various number of activities for a customer, 
either completely or only in part. These activities can be transport, packaging, customs 
clearance and others (Rajesh et al., 2012).  
The warehouse’s facilities are owned by their main customer, the Varner Group, however, are 
fully managed by K+N Norway. 
Besides the Varner Group, the warehouse has one other client, Bosch. 
Currently, the warehouse employs 15 permanent staff members, in the positions of planners, 
team leaders and operators. There are also temporary staff members, who are hired weekly, 
according to the forecast of workload sent by the main customer. 
The warehouse provides the following services for their clients: 
 Storage and storage management – Provide storage for the client’s goods, and manage 
the storage space and movement of goods; 
 Quality control – Control of the goods, mainly upon arrival and exit. This includes, for 
instance, changing the boxes if there’s any damage to them; 
 Pick and Pack (when necessary) – Picking the goods that are ordered by the client 
from storage, in order to send them out. In case of damage, the goods are repacked; 
 Tagging, scanning and labelling – Tag, scan and label all the boxes in the warehouse 
so that their location is always known; 
 Cross Docking – Unload the goods from the truck/container and load them directly in 
the outbound truck, without being stored. 
1.2 The project 
1.2.1 Description and goals 
“If you cannot define what you are doing as a process, you do not understand what you are 
doing.”  W. Edwards Deming  
As the quote above states, we should be able to translate any activity into a process. 
Otherwise, it becomes very difficult not only to describe it, but also to fully understand it. 
Both experts in the field of Information Technology and Business Engineering have 
concluded that successful systems start with an understanding of the business processes of an 
organization (Aguilar-Savén, 2004). Not only is it important to be able to engineer and 
understand the processes performed by the company, it is also a best practice management 
principle that helps companies sustain competitive advantage (Kilmann, 1995). 
Process Analysis and KPI specification for a 3PL Warehouse in Kuehne+Nagel Norway 
 
4 
As we will be address in the next chapter, understanding the business processes using process 
mapping techniques is a core aim for any company. This leads to continuous improvement of 
its procedures, because it enables the analysis and re-engineering of the processes in question 
(Aguilar-Savén, 2004). 
Performance measurement practices are also an essential part of accountability that enables 
any organization to assess and report on progress (Sari, 2015).  
The use of Key Performance Indicators (KPIs) should be the vital navigation instruments used 
by managers and leaders to understand whether they are on course to success or not (Sari, 
2015). 
It was with this in mind that the main goals for this project were designed as follows: 
 Analyse and map the physical processes of the warehouse, in order to obtain actual 
documentation of procedures and practices. 
 Document the responsibilities and work description of every worker  
 Design and develop a way to measure the performance of the warehouse. 
Upon arrival at the warehouse, we immediately verified that none of these points were 
remotely under development and that all the work that was proposed, would be done, mostly, 
from scratch. 
As it was, and it is mentioned several times throughout this paper, it is very important for 
businesses to have a concrete business model and business process model, as well as some 
way to measure the models’ performance. 
The warehouse was, however, using the global template of Kuehne+Nagel’s business model, 
and following the instructions that were passed along by co-workers in the form of oral 
instructions. 
At one point during the past years, this lack of information and documentation became a 
bigger concern to the administration of the warehouse, and a BPM expert from K+N Central 
was sent to the warehouse, in order to address this issue by running a series of workshops and 
meetings with all the warehouse’s employees. 
However, since this is an activity that requires the involvement of the whole team, and the 
cost of having the warehouse stopped for more than one hour per week was very high, not a 
great deal of progress was made on this front. 
In the case of this warehouse, a single person responsible for these tasks would be able to 
advance faster and in a more effective way, thus determining the goals of this thesis.  
1.2.2 Motivation 
The concept and importance of Business Process Management has grown with great pace in 
the last 20 years. Many studies and lectures are made everyday on the topic, however, as it is 
clear by the subject of this paper, it isn’t still a practice that is adopted in every company. 
The fact that the warehouse didn’t have any type of work- and task-descriptions, made the 
understanding of the work difficult, as well as the training of new staff. As mentioned before, 
some of the workers at the warehouse are temporary, and are hired each week according to the 
predicted workload, which means that having a documented procedure would go a long way 
in helping their training.  
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Therefore, it was important to create a common approach for the work to be carried out, in 
order to help those responsible on how to think about the work that is performed, thus, 
improving the work itself, and the collective learning. 
The evaluation of the company’s performance enables the company to track whether the 
organization is moving in the right direction or not (Rajesh et al., 2012). Being able to 
understand where, exactly, the company should focus becomes a very important tool in order 
for the company to achieve continuous growth. 
Since no performance measurement tool was previously implemented, it was difficult to 
measure the performance of the warehouse and its workers. 
This type of work was carried out before, in a similar manner to this dissertation, however, the 
results weren’t positive and the work produced couldn’t be put into practise. 
1.2.3 Work plan 
The diagram represented in Figure 2 represents the work plan that was projected for the whole 
process of this project. 
Figure 2 - Diagram with the time plan for this project. 
1.3 Outline of the document  
This dissertation is divided in 6 chapters. They are, as follows: 
Introduction: This chapter gives an insight of the company where this project took place, as 
well as a description of the project and the motivation that lead me to perform this work. 
There is also a diagram where the time line of the work is represented. 
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Literature Review: In this chapter there is an analysis of the state of the art regarding Process 
Mapping and Performance Measurement. Several concepts, as business process, process 
modelling and key performance indicators, are described, along with information about the 
diagrams used in this report to present the results. 
Methodology: In chapter 3 there is a description of the methodology used to execute this 
work.  
Mapping the Warehouse – Results of the Analysis: Here, we present all the results from the 
first part of the work developed, pertaining to the process mapping. It is divided in 3 sub-
chapters, starting with a larger perspective and then, analysing the details.  
Key Performance Indicators: This chapter presents the results of the second part of the work 
developed. It shows the KPI’s that were defined, along with detailed information on how to 
measure them. 
Conclusions and Future Work: In this chapter the conclusions of the developed work is 
presented, and analyses of the future work that can be done in order to improve the results are 
discussed. 
In the next chapters there is a list of references used in this dissertation, and a series of 
appendixes that contain complementary information that couldn’t be fitted within the main 
body of the report. 
Process Analysis and KPI specification for a 3PL Warehouse in Kuehne+Nagel Norway 
 
7 
2 LITERATURE REVIEW 
This chapter aims to review the state of art about process mapping and performance 
measurement. As such, it introduces concepts related to business processes, process 
modelling, business model, a brief description of the types of diagrams used in this report to 
present the results, and some notions about performance measurement and KPI definition. 
After reading this chapter, the reader will know the main concepts and tools that support this 
document. 
2.1 Business Processes 
2.1.1 What is a Process? 
According to Paul Harmon (2010, p. 198), a process is “a bounded set of activities that are 
undertaken, in response to some event, in order to generate an output.”  
Figure 3 - A simple example of a process (Harmon, 2010, p. 198). 
An example of a simple process can be seen in Figure 3. The input event is a credit card being 
swiped, the software analyses the credit card data, activity 1, and authorizes the purchase, 
activity 2.  The output is the printed script, showing the details of the purchase. 
The definition presented before is only one of dozens that can be found in the literature. 
However, in my understanding, to solely define a process as Harmon does, without the 
addition of “business” as a concept, will tend to make the definition incomplete, at least for 
the purpose of this paper.  
Therefore the definition of a business process provided by Alec Sharps, which should be 
considered as the operative definition throughout the reading of this thesis is as follows. 
“A business process is a collection of interrelated work tasks, initiated in response to an 
event, that achieves a specific result for the customer of the process.”(Sharp & McDermott, 
2001) 
This is the quote used, mainly because it focuses on one of the most important parts of a 
business, that is, the customer.  
A company only creates value for itself, when it is creating value for the customer. And 
taking the customer’s perspective also helps to identify and name the processes more 
accurately (Sharp & McDermott, 2001). Further information about this matter can be found in 
the sub-chapter 2.4 Business Model Canvas. 
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Also, like Harmon’s definition, Sharp & McDermott mentions the input and output events. 
Without these two events, there is no need for a process. Every business process must have a 
specific result, and we should also be able to trace it back to the event that triggers it (Sharp & 
McDermott, 2001). 
A process without activities, or tasks, does not make any sense. These tasks must be 
consistent and interrelate to each other, in order to form a workflow. 
2.1.2  Core, Support and Management Processes 
In order to build a successful process map, it is important to identify which are the core, 
support and management processes. 
Core processes are the ones that “add value to the product or service that the organization is 
producing for its customers”, and essentially they, “ are the ones that generate products or 
services” (Harmon, 2010). Or as Hung (2006) states, this type of processes “describe the end-
to-end work that starts from the customer and end with the customer, and always using cross-
functional activities”. For instance, for a company that make TVs, an example of a core 
process would be the manufacturing process itself. It starts with a customer order, and ends 
with the customer getting, or purchasing the TV. 
On the other hand, support processes “don’t add value, but are necessary to assure that the 
core processes continue to function” (Harmon, 2010). Using the TV company example given 
before, a support process could be the procurement of the supplies. It doesn’t generate any 
value, but without it, the core process cannot be fulfilled. 
In addition, there is also the management processes or strategic processes, which also don’t 
add value to the company. These processes are more related to the planning and strategy that 
the company follows, so that the value created by the core processes can be achieved. The top 
management of the company usually performs them. Examples can be strategic deployment or 
performance control. 
2.2 Process Modelling 
2.2.1 Importance of mapping a process 
All of our day-to-day activities are processes, even if we don’t realize it. It’s not until, for 
some reason, we have to trace back our steps, that we realize that we are making a process 
analysis. 
There are many reasons that compel us to trace back our steps. And, to be able to do so, adds 
great value to the company. 
The list below states some of the reasons why the previous statement is true. It is based on the 
work of Damelio (2011, p. 32), Mi Dahlgaard‐Park & Palmberg (2009), Bernus (2001), 
(Gordijn, Akkermans, & Van Vliet, 2000) and McKay & Radnor (1998): 
 Help those responsible on how to think about the work they do and improve collective 
learning, by creating a common approach for the work to be carried out; 
 Understand how the value is created, both for the customer and for the company; 
 Analyse the properties of a process; 
 Understand the relationships within a workflow; 
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 Align horizontal processes across departments and functions; 
 Assign tasks so that the roles and responsibilities are defined clearly; 
 Remove wasted effort such as duplicated tasks and repeated information; 
 Measure, control and improve (in a later stage) the processes, the organizational 
effectiveness and business performance; 
 Identify opportunities for use of technology; 
 Align with strategic objectives; 
 Capture, use and reuse corporate knowledge. 
Before starting to map a process, it’s also very important to develop a list of reasons why the 
company is mapping its processes and that those reasons are communicated and understood 
by the whole team involved in the process.  
2.2.2 Business Modelling Process Notation 
Mapping a process can be very complicated, depending on its level of complexity, number of 
actors, size, amongst others. 
Having a proper notation is very important for everyone that is involved in the process, so that 
they are able to understand it. In these past few years, process mapping started to be seen as 
an essential tool for every company. But, in order for it to serve its purpose, “everyone in the 
organization needs to adopt a standard notation and use it consistently” (Harmon, 2010). 
In 1990, Geary Rummler and Alan Brache published a book called Improving Performance: 
How to manage the white space on the organization chart, and a general agreement of how to 
approach process mapping started to occur. In 2004 the Business Process Management 
Initiative (BPMI) put together all the tools created until then and created a new notation, the 
Business Process Modelling Notation (BPMN) (Harmon, 2010). According to Andin & de 
Cesare (2009), BPMN is richer in semantic than the other modelling techniques and it 
presents one type of model called Business Process Diagram (BPD). 
Basically, with BPMN, the intention was to develop a modelling language that can equally 
well be applied to typical business modelling activities (Zur Muehlen & Recker, 2008). Zur 
Muehlen & Recker (2008) also note that this is clearly visible in the elements that compose 
BPMN. There is a core set of elements, and an extended one, that contains a more specialized 
notation. 
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Figure 4 – An example of a BPMN model (Zur Muehlen & Recker, 2008). 
Figure 4 shows an example of a BPMN model. A Table with all the symbols used in BPMN 
and a brief explanation for the use of each one of them, can be found in Appendix A. 
 Swimlanes 
Swimlanes is one of the process workflow models. It has this name given its resemblance to a 
swimming pool. Just as each swimmer is expected to stay in his/hers swimlane, each “actor” 
with a “role” in a process has his or hers swimlane (Sharp & McDermott, 2001, p. 29). 
The boxes represent tasks or activities and are placed inside the actor’s swimlane. The arrows 
indicate the workflow of the process, the set of interrelated activities and resources deployed 
in an unique manner (Damelio, 2011, p. 6). An example of this is also represented in Figure 4. 
 Flowcharts 
Much similar to a swimlane, a flowchart is a graphic representation of the sequence of work 
activities used to create, produce, or provide a single specific output (Damelio, 2011, p. 8). 
Although the symbols may resemble the ones in the swimlanes, the main difference between 
these two workflow models, is how the actors are represented. 
In swimlanes the actors have their own swimlane, in flowcharts, they can be represented by 
the colour of the activity rectangle, or be writer under the rectangle, for instance. 
Flowcharts can be very useful if the process that needs to be documented has a lot of 
decisions (represented by the diamonds), or a lot of actors, which makes a swimlane difficult 
to read because of the many connectors that may over lapse both in themselves and the lanes. 
An example of a flowchart is represented in Figure 5. 
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Figure 5 – Example of a Flowchart. 
Responsibility Matrix 
Responsibility Matrix is a non-flexible model designed to, as the name indicates, assign 
responsibility of certain tasks to actors. 
These models are very useful in processes that contain a large amount of activities, but in 
which, a great level of detail is not required. In such way, these activities can be called macro-
activities and may represent a group of tasks that are performed by more than one actor.  
As well as assigning actors to macro-activities, it is also possible to specify the type of 
involvement of each actor. By defining different ways of representing different types of 
involvement (for instance, using letters, or symbols such as ,  or ), levels like 
Responsible, Accountable, Informed or Consultant can be assigned. 
In Figure 6 is represented an example of a Responsibility Matrix. 
Figure 6 – Example of a Responsibility Matrix (course, 2013). 
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2.3 Business Model  
The business model of a company describes how the company creates, delivers and captures 
value (A Osterwalder & Pigneur, 2010). Or as Magretta (2002) puts it: business models are, at 
heart, stories that explain how enterprises work. 
First, it’s important to state the differences between Business Model and Process Model, as it 
was found during the literary review, this tends to be somewhat misunderstood by a lot of 
companies and people dealing with these matters. 
To Gordijn et al. (2000), the main goal of a business model is to answer the question “who is 
offering what to whom and expects what in return”, thus, focusing on the concept of value. Or 
as stated by Osterwalder et al. (2005), business model is generally understood as a view of the 
firm’s logic for creating and commercializing value. 
As such, a business model doesn’t state how the value-creating activities are carried out 
(Gordijn et al., 2000), making it the goal to process modelling to do so. 
The process modelling enables a common understanding and analysis of a business process 
(Aguilar-Savén, 2004). The goals are to present how the business is carried out, by stating 
who are the actors involved and what activities do they perform, the inputs and outputs of 
those activities and their sequence (Gordijn et al., 2000). 
One of the most known business models is the Business Model Canvas, which is presented 
subsequently. 
2.3.1 Business Model Canvas 
By using the Business Model Canvas, the business model can be described and manipulated 
in a common language and, thus, understood by everyone involved in the project. 
It can be used to simplify the complex notion of business model and is, now, a tool used by 
most multinational organizations. 
Osterwalder & Pigneur (2010), believe that a business model can best be described through 
nine basic building blocks that show the logic of how a company intends to make money.  
Following their book’s organizational structure and the article they wrote together with Tucci 
(2005), a presentation of the 9 building blocks is available in Table 1. The blocks focus on 
four main areas of the business: customers, offer, infrastructure, and financial viability.  
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Table 1 – The nine building blocks of the Business Model Canvas 
Building Block   Description 
Value Proposition Gives an overall view of the company’s set of products and/or services that create 
value for each customer segment. What is the perceived value of each customer 
segment. Can describe the competitive advantage of the company.  
Customer Segment Describes the segment of customer the company is targeting, the different types of 
groups that the company aims to serve.  
Channels Describes the many ways that the company communicates with its customers and 
how the value proposition is being delivered. In this block can be present both 
marketing channels and delivery channels.  
Customer 
Relationships 
Explains the kind of links the company establishes between itself and its different 
customer segments and how it is motivated and maintained.  
Revenue Streams Describes the way the company makes money through a variety of revenue flows. It 
can contain revenues that result from one-time payments or from recurring revenues 
from on-going payments.  
Key Resources Describes the most important resources of the company in delivering the value 
proposition. They can be physical, financial, intellectual, or human. They can be 
owned or leased by the company or acquired by from the key partners.  
Key Activities Outlines the main activities that the company must do, using the key resources, in 
order to deliver the value proposition to the customer segments.  
Key Partners Portrays the network of cooperative agreements with other companies necessary to 
efficiently offer and commercialize value. They can be actual partners, where an 
alliance is created to co-create value to both parties, or, for example, suppliers, that 
are hired by the company to supply any type of product or service that is key for the 
delivering of the value proposition.  
Cost Structure Sums up the monetary consequences of the means employed in the business model. 
It contains all the most important costs for the company for the delivery of the value 
proposition. From the creation of a relationship with the customer segments to the 
final delivery and the maintenance of that relationship.  
A visual scheme of the Business Model Canvas can be found in Appendix A. 
2.4 Other models and diagrams 
Throughout this paper, several models and diagrams are used in order to explain in a more 
understandable and visual way, the results of the work done at the warehouse. 
Thus, here there is an explanation of what those models or diagrams are, what they try to 
represent and why and in which circumstances they should be used. 
The following material is based on online research, in which case the source is displayed next 
to the statement, and based on the class “Domain Understand and Modelling”, taught by Prof. 
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Jaroslav Ráček, Ph.D. during the 1st semester of 2014/2015 at the Masaryk University in 
Brno, Czech Republic. 
 Data Flow Diagram - Context Diagram  
A Context Diagram is a type of Data Flow Diagram, a graphical visualization of the 
movement of data through an information system (IT Business Analyst, 2010). More 
specifically, a context diagram helps understand the boundaries of the project in hand and 
how it relates with its surroundings, other systems or users (Masters, 2010).  
It is the highest level of the Data Flow Diagrams, because it shows a more general picture of 
the project, including all the inputs and outputs of the main subject. 
It consists in:  
 Processes, which represent the processes or activities performed (round shape, either 
as represented in Figure 3 or as a rectangle with round edges); 
 External entities, that represents the actors involved (rectangles) 
  And, the Data Flows, which show the direction in which the information is passed 
and connects the processes to the external entities or between themselves (arrows). 
A simple example of a context diagram is shown in Appendix A. 
 Class Diagrams 
Class Diagrams is one of the diagrams written in Unified Modelling Language (UML), is a 
standardized language for description, specification, construction and documentation of 
software oriented system artefacts. 
The class diagram displays the existence of classes and their relationships through the logic 
perspective of a system.     
Some of the UML modelling elements used in class diagrams are (Visual Paradigm): 
 Classes - describes a set of objects that share the same specifications of features, 
constraints, and semantics. Class is a kind of classifier whose features are attributes 
and operations.  
o Attributes - refers to all of the Properties that are direct (i.e., not inherited or 
imported) attributes of the class. 
o Operation – is a behavioural feature of a class that specifies the name, type, 
parameters, and constraints for invoking an associated behaviour.  
o Association Class – model element that has both association and class 
properties. It connects a set of classifiers and defines a set of features that 
belong to the relationship itself and not to any of the classifiers. 
 Relationships:  
o Association – mutual connection between classes 
o Aggregation – stronger form of a relationship, it portrays a relation between 
whole and its parts 
o Dependency – weaker form of relationship between client and provider where 
client has no semantic knowledge about provider 
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o Generalization - taxonomic relationship between a more general classifier and 
a more specific classifier 
 Indicators of multiplicity  – defines how many objects participate in the relationship 
In Appendix A is displayed an example of a simple class diagram. 
 State Machine Diagram 
The state machine diagram is another example of a UML modelling diagram. 
It defines a sequence of events that the object goes through during its existence, or, in other 
words, it models the behaviour of one object. 
This diagram can be very useful to portray, for example, a journey of an object, or all the 
states is goes through for achieving a specific objective. 
It consists in: 
 States – which are represented by a rectangle. Initial state is recorded as filled black 
circle. Terminal state is recorded as hollow circle with dot inside. 
 And transitions, - from one state to another. They are represented by arrows and can 
be labelled with a trigger, a guard, or condition, and an action, the result of the 
transition. 
An example of this type of diagram can be seen in Appendix A. 
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2.5 Process Performance measurement 
Performance measurement (PM) is a quantifiable indicator used to assess how well an 
organization or business is achieving its desired objectives (Sari, 2015).  
2.5.1 Importance of measuring process performance 
Besides the clear reason of being able to track and compare the company’s results to its goals, 
PM is very important when it comes to the continuous improvement of the organization. In 
Kueng et al. (2001) conclusions, it sates that the main objective of PM is to support the 
concept of continuous improvement by conveying information that influences decision-
making and managerial actions. 
Since the main objective of logistics is overall coordination of strategies and operations, 
warehouse performance involves physical infrastructure and monitoring receipt, storage and 
movements of goods between distribution stations (Kayakutlu & Buyukozkan, 2011). This 
makes the evaluation of the different stations and their communication very important for a 
good running of operations of a 3PL Warehouse, which is the subject of this paper. 
Well designed performance management approaches and performance indicators enable 
managers to track whether their organization is moving in the right direction or not (Rajesh et 
al., 2012). 
One form of measuring the process performance of a company is to define Key Performance 
Indicators (KPI). 
2.5.2 Key Performance Indicators  
KPIs represent a set of measures focusing on those aspects of organizational performance, 
which are critical for the current and future success of the organization (Alvandi, Fazli, 
Yazdani, & Aghaee, 2012). 
Alvandi et al. (2012), in their article, define 7 KPI characteristics: 
1. Nonfinancial measures  
2. Measured frequently  
3. Acted on by the CEO and senior management team   
4. Understanding of the measure and the corrective action required by all staff  
5. Ties responsibility to the individual or team  
6. Significant impact  
7. Positive impact. 
Sari (2015) also refers that one of the most important but overlooked aspects of KPI is that 
they are a form of communication. In order for its development, there has to be a basic 
understanding of the organizational objectives between all stakeholders. Therefore, according 
to the author (Sari, 2015), identifying all stakeholders needs and creating value to all 
involved, are key concerned areas within the performance management of a company. 
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3 METHODOLOGY  
This chapter presents the methodology employed to guide the work presented here. The work 
was developed according to the 4 main phases described hereafter. 
3.1 Phase 1: Literature Review 
The literature review took place some time before the work at the company started.  
As soon as this project was approved, we began collecting books and articles that focused or 
could give me further information about the following topics: 
 Process management 
 Process improvement 
 Process modelling techniques 
 Business modelling 
 3PL Warehousing  
 Performance measurement 
This phase was a continuous process and was done throughout the whole semester, as there 
was the need to gather more information on the task that followed. 
This review was very helpful in order to better organize the work and follow some of the 
guidelines that were found, especially about process modelling, which can become a very 
exhausting work.  Knowing where to stop is not always clear. 
3.2 Phase 2: Company Analysis 
This phase took place at the moment the work at the warehouse started. 
We set out doing some research about the company, mostly about its history, where their 
offices and big structures are located, the type of work they do in each branch in the company 
and others. 
As it happened in all other phases, a big part of the information was also gathered through the 
meetings with the team at the warehouse and through the documents that were provided by 
them. 
From this work we were able to understand the business model of the company and built a 
Business Model Canvas (BMC). 
This phase also resulted in the Main Process Map, a Responsibility Matrix and a State 
Machine Diagram of the company. 
For a better understanding, the documents produced in this phase can be seen in Figure 7. 
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Figure 7 - Documents produced in phase 2 of the work. 
3.3 Phase 3: Warehouse Analysis 
3.3.1 Business Model Analysis 
After having designed the BMC for the company, it was realized that doing the same for the 
warehouse would be an important addition to the work, in order to understand the main 
subject of this paper. 
Therefore, using the same methods as in the previous phase, we built the BMC of the 
warehouse. 
3.3.2 External Analysis  
After having a better understanding of the warehouse’s business model, we started an external 
analysis of my subject. 
This analysis led to a Context Diagram and a Class Diagram that shows the relationships of 
the warehouse with the exterior, customer, suppliers, partners and K+N’s headquarters. 
3.3.3 Internal Analysis 
The main goal of this analysis was to be able to develop a description of the workers’ 
responsibilities and construct a blueprint of the warehouse that marked all the zones, offices 
and important areas. 
This analysis began by making a questionnaire and handed it out to the workers. This 
approach was chosen because it would help the initiation of conversation with everyone. 
Norwegians are very closed people by nature, so this questionnaire opened a conversation 
line. It also retrieved enough information to be able to start the iteration process of coming 
back for more specific questions until the work was done. 
The questionnaire can be seen in Appendix B. 
In order to construct the blueprint of the warehouse, we made several tours through the whole 
space and measured all the areas, racks and zones. It was a very manual work, since we 
couldn’t find a good software tool that made it easier. The blueprint construction itself was 
made using PowerPoint. 
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3.3.4 Process Analysis 
This phase started by trying to analyse the main process map of the warehouse, in other 
words, starting with the “bigger picture” and then focusing in on a more detailed mapping of 
the processes. This was done by the use of swimlanes and flowcharts, followed by the 
specification of the work instructions. 
However, after some time during the analysis of the process map, it was realized that it would 
be easier to do it the other way around. Start with the detailed processes, and then handle the 
“bigger picture”. 
As such, the work was based on observation of the procedures and interviews of the workers. 
We started with the biggest and most important processes and then focused on the smallest.  
 This work was divided in 5 stages: 
1. Mapping all the processes in the warehouse; 
After the first “round” of maps, there were a total of 19 processes mapped. 
2. Analysing and compare all the processes mapped; 
3. Improving all the processes; 
During this stage, we tried to simplify the maps by eliminating repeated tasks or 
activities and joining processes that had a great deal of steps in common. We also 
started with only having swimlanes but, by the end of this stage, some flowcharts were 
already developed. This change was based on the fact that these particular processes 
were easier to read in a form of a flowchart rather than a swimlane. 
By the end of this step, there were a total of 13 process maps. 
These 13 process maps were the version number 6 of the revisions that were made. 
4. Gathering and writing all the work instructions 
5. Developing Activity Worksheets 
It wasn’t long after the gathering of the work instructions started that we realised that 
some of them were too complex. 
As such, the Activity Worksheets were developed, which contain a more detailed list 
of steps and rules that must be followed in order to fulfil the task. 
All the process maps, including swimlanes and flowcharts, were designed using the 
programme Visual Paradigm. 
The documents produced in this phase can be seen in Figure 8. 
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Figure 8 - Documents produced in phase 3 of the work. 
3.4 Phase 4: KPI development 
This phase was done as follows: 
1. Brainstorming 
The first part of this phase consisted in brainstorming possible KPIs. This was done while 
going through the maps that were developed in the previous phase. 
After the brainstorming, there was a list of 36 possible KPIs. 
2. Analysing and selecting 
This was done by analysing the KPIs one by one, considering the following: 
 How to measure it? 
 Who will be measuring it? 
 What is the benefit of measuring it? 
 And, is the benefit worth the time spent measuring and handling the data? 
By the end of this analysis, 10 main KPIs were selected and all of them had the following 
information: 
 Process in which it is measured; 
 Description; 
 Formula and unit of measurement; 
 Who measures it and who acts on the data; 
 Source of the data; 
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 Frequency of measurement; 
 Benefit; 
 Target level. 
3. Normalization of the result 
After having the list of KPIs complete, it was clear that some kind of normalization of the 
results would be important in order to be able to compare them, and to calculate one single 
result as the warehouse’s performance score. 
Therefore, the following normalization formulas were created: 
 For the results in the form of a percentage: 
When the target value aims to be at 0%: 
(1) 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 = 1 −
𝑅𝑒𝑠𝑢𝑙𝑡
100
 
When the target value aims to be at 100%: 
(2) 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 =
𝑅𝑒𝑠𝑢𝑙𝑡
100
 
 For results which unit includes time: 
For the results in which a lower number is the desired result, for instance, time spent or 
number of rejected reports, the formula is: 
(3) Normalized value = 1 −
Result−Target Value
Target Value
 
For the results in which a higher number is preferred, such as production per hour, the 
formula is: 
(4) Normalized value =
Result
Target Value
 
If the target value is reached, this means that the result, using all the formulas found above in 
(1)-(4), will each be equal to 1. 
4. Weight attribution 
In this stage, weights were attributed to all KPIs. 
These weights will be multiplied by the normalized value. A KPI with a bigger weight will 
have more influence in the final result as opposed to one with a smaller weight. 
5. Standard deviation calculation 
In order to understand if the final value is under or above expectations, or if it is so low that 
an alert should be given and the results need extra attention, a standard deviation was 
calculated, using the target values as results. 
The formula for standard deviation is:  
(5) σ = √
∑ (xi−x̅)
2n
i=1
n−1
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6. Normalization of the final grade 
Since it is easier to evaluate a number from 0 to 100, it was decided that the final grade should 
be translated into a percentage value. 
In order to calculate the standard deviation, in the previous step, the target values were used 
as results, giving us the global performance score target (GPST). By equating this value to 
100, the global performance score (GPS) can be translated in percentage form, making its 
evaluation easier to any reader, without needing to know the target global performance score 
in order to compare. This can be calculated using the following formula: 
(6) Final global performance score =
GPG∗100
GPST
  
By the end of this phase, all KPIs could be measured, and a final global performance score 
can be given to the warehouse. In addition, it enables the company to issue an alert if further 
analysis is required. 
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4 MAPPING THE WAREHOUSE  
In this section, we present the results of the first part of the work. In a first moment, the 
business model of the company and of the warehouse is presented, in two separate sub-
chapters, using the business model canvas proposed by Osterwalder & Pigneur(2010). 
Then, the analysis of the warehouse is given. First, the external analysis, where we can see 
the relationships the warehouse maintains with the exterior. And secondly, the internal 
analysis. In which a description regarding the layout of the warehouse and the 
responsibilities and tasks of the workers is given. 
Finally, this section ends with the process analysis. As shown before, the main process map of 
the company is presented first, followed by the process map, swimlanes, flowcharts and work 
instructions for the warehouse.  
4.1 The Business Model 
4.1.1 Kuehne+Nagel – Business Model Canvas 
In order to have a better understanding of Kuehne+Nagel (K+N), the project started with the 
analysis of the business model of the company. Using the Business Model Canvas (BMC), we 
searched to ultimately grasp where the warehouse plays a fundamental role during the normal 
process of the company’s business. 
During this analysis, the Revenues and Costs Block were intentionally left out, since they 
don’t play a fundamental part in the work of documenting the warehouse’s processes. 
As mentioned before, the use of BMC was based on Osterwalder & Pigneur (2010).  
The K+N’s BMC can be seen in Figure 9. 
Figure 9 – Kuehne+Nagel’s Business Model Canvas. (BMC created using the online platform 
canvanizer.com) 
In an attempt to analyse Figure 3, the information is divided exactly as it is portrayed in the 
BMC, as the 9 building blocks, and the analysis of each one is the following:  
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Customer Segments: 
- We started with a very general segment, “Anyone that needs to transport something 
from A to B.” that can be divided in two more specific segments. 
In order to be easier to understand, the segments are divided according to K+N’s categories, 
which are: 
 Overland (road/rail) 
 Sea 
 Air 
 Contract logistics (Warehouse) 
 Integrated logistics (Supply chains) 
These can then be divided into industry specific markets: 
 Retail 
 Pharmaceuticals 
 Marine Logistics 
 Oil & Gas 
 Perishables 
 Customs 
 Drink Logistics 
 Projects 
Finally, these categories/segments can then be divided into private or business market: 
o Private Market: any single person that needs a good to be transported and delivered, 
occasionally or regularly. 
o Business Market: Companies that are in need of, usually, regularly transportation 
services of goods. An example of this customer segment is a customer of the 
department of Marine Logistics (for example, transport of resources to ships in the 
sea). 
A further segmentation can yet place each market in a long term, short term or spot type of 
contract. 
Value Proposition: 
The main services provided by K+N are: 
 International forwarding (import/export), domestic transport, warehousing, 
distribution and project logistics. 
However, on a 2
nd
 level, were identified the services and the way they are delivered, 
which add value to the customer’s experience, and can be considered as competitive 
advantages of the company. They are as follows: 
 The fact that it is a Global Logistics Network. It is present in over 100 countries and 
delivers worldwide 
 The offer of Personalized Solutions. For instance, the solutions provided by the 
Projects team, which tries to find a way to deliver the value proposition to the 
customers that don’t fit the usual standards 
 All services are made with quality, safety transport and comfort 
 And a user-friendly IT system that gives the customer the opportunity to follow the 
whole process, being able to change/cancel online. 
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Channels: 
Since this is the BMC of a logistics company, in this block, it was decided to only identify the 
physical channels. Which are: 
 Air 
 Road 
 Sea 
 and Rail 
Customer Relationships: 
In this block, the two main types of relationship were identified: 
 One based on long-term contracts, in which the company is perceived as a partner and 
not a supplier. 
 And another based on in house logistics (which happens when a K+N employee runs 
the customer’s operations at their facility for them.) 
As the company’s only form of advertisement is a very personal one, the following marketing 
strategies were included in this block: 
 Word of mouth and face-to-face marketing. 
The Website, KN-Login Platform and App are also important tools that bring the company 
and the customer closer together, and, therefore, should be mentioned as part of this block as 
well. 
Key Resources: 
In this building block the following key resources were identified: 
 The online platform – KN-Login. Provided that KN-Login is such an important part of 
the business, it becomes one of the company’s most important resources.  
 Human Resources, more particularly the know-how of the professionals. 
 Infrastructures, such as warehouses and offices 
 Transport resources, both owned by the company and supplied by key partners. 
Key Activities: 
Regarding the essential activities of the company, we identified two main ones and three 
others, that even though they are not considered main, are still fundamental for the delivery of 
the value proposition and, therefore, are part of the key activities block. They are the 
following: 
 Managing the logistic processes. Which is, basically, the day-to-day work, making 
sure that the goods are delivered to the right place, through the right way and in the 
best conditions. 
 Identifying and maintaining the business partner's network.  
Since other logistics companies are responsible for a big part of K+N’s transportations (for 
instance, air transport), creating and maintaining a good relationship with all the partners 
becomes a very important activity to guarantee the delivery of value for the customer. 
 Training staff.  
 The know-how of its employees is a very powerful resource of the company; 
therefore, K+N has trainee programs for graduates and students, in the form of 
apprenticeships, internships/thesis and working students programs. 
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 The Development of Software, more specifically, the KN-Login App, which is the 
main form of communication between the company and its customers. Since so many 
processes can be controlled through this tool, its constant update and renewal becomes 
a very important activity to maintain competitive advantage. 
 Equipment maintenance, to make sure that all operations are functional at all times. 
Key Partners: 
 The most important partners are the Carriers. As mentioned before, the carriers take a 
big part on the delivery of the value proposition, as to the actual delivery of the goods 
as well.  
 Given the importance of an up to date informatics system, IT Consultancy agencies 
are also an important partner. 
 Maintenance companies. Maintenance of owned or rented equipment to make sure that 
every apparatus follows the security measurements and functions according to its 
function. 
 Equipment Rental Companies. 
4.1.2 The Warehouse – Business Model Canvas 
After making the Business Model Canvas for the company, we realized that both my work 
and understanding of my main subject, the warehouse, would benefit if another Canvas was 
made, but only regarding to the major focus; the warehouse. 
Thus, first, we proceed with a more detailed analysis of the warehouse and its relationships 
with the exterior; the BMC regarding the Warehouse in Gardermoen, Oslo is presented 
(Figure 10). 
 
Figure 10 – Business Model Canvas of the Warehouse. (BMC) created using the online platform 
canvanizer.com) 
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For the same reason mentioned before, the Revenues and Costs block are not included in this 
analysis as well. 
Customer Segments: 
As in the previous B.M.C., we first start by generalizing the type of customers.  
In this case, a very specific customer segment can be identified:  
 Businesses that need a place to store their goods.  
The warehouse has two clients, the first one being the one with more than 90% of the 
warehouse’s space. 
o Varner Group, that deals with clothes 
o And Bosch, that stores boat parts in the warehouse. 
Value Proposition: 
 The main service of the warehouse is to provide its clients with a place to store and 
pick goods. 
 As a 2nd level services, we can identify some added value services, such as: 
o Guarantee of the good state of the goods. Which might happen if, for instance, 
a box arrives damaged to the warehouse. In this situation, before storing it, the 
employees will substitute the box and re-label it. This way, the warehouse is 
providing an extra service by making sure that the customer’s goods are in 
good state when they leave for the stores. 
Channels: 
Once again, it was decided to just include the physical channels in this B.M.C., for the same 
reason mentioned before. Thus, the only channel identified is: 
 The road transport from the Oslo Harbour. This is a service provided by the carrier 
partners. 
Customer Relationships: 
In this block, the two main types of relationship were identified: 
 There is a constant communication with the client. 
This is maintained either through the exchange of emails, or through the update of the 
files shared by the two parties using ProjectPlace, a platform that is shared by both 
parties. 
This way, the client is always aware of the place and handling of the goods and can 
share other type of information with the warehouse, such as the forecast of the 
workload for the next week. 
 Since the K+N Central offices handle the advertisement, the warehouse does not 
advertise in any form.  
Key Resources: 
As the main resources used by the warehouse, it were identified four: 
 Human Resources: Both warehouse staff and office staff. 
 The infrastructures: Warehouse and offices 
 ProjectPlace, the platform that is used to share files with the clients 
 And, the other IT resource, M3, the programme used to track all the goods in the 
warehouse.  
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Key Activities: 
As a main activity, there is the day-to-day management work that makes sure that the value 
proposition is delivered: 
 The managing of all the logistics processes. 
As important as the first one, there are all the daily activities of the warehouse staff, such as: 
 Receiving, palletizing and store goods 
 Pick and send goods 
 Recording of all the good's information on the IS. 
On a 2
nd
 level, we can also find other activities, which also contribute to the delivery of the 
main value proposition, even as if not in a direct way: 
 Extra activities requested by the client. 
 Update of every document shared with the client. 
 Hire temporary staff according to the forecast of workload sent by the client. 
 Maintain the platform that is used to share files with the clients. 
Key Partners: 
 Identically to the K+N’s B.M.C, the most important partners are the Carriers:  
o DB Schenker, Bring, Kvalitetstransport. 
 Temporary work Agency:  
o Adecco – The workers are hired per week, according to the forecast of 
workload sent by the customer. 
 Catering Company: 
o Helt Opplagt. 
 
The analysis of both K+N’s and the warehouse’s BMC proved to be very helpful in the work 
that follows, and we hope that it also provides the reader with the necessary information for 
the full understanding of the process modelling, the main goal of the work. 
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4.2 Warehouse Analysis 
4.2.1 External Analysis of the Warehouse 
The external analysis of the warehouse is very important to understand how it relates to 
external entities, what type of information is exchanged and to discern its role and importance 
in the business. 
For that, it was built a Context Diagram (Figure 11). 
Figure 11 – Context diagram of the warehouse. 
Analysing the picture above, we can see that in the middle of the diagram is the Warehouse 
and, around it, there are all the external entities with whom it relates. 
To further interpret the diagram it can be useful to break it down in an overview, which 
follows below: 
The relationship with the customer is the most complex: 
The customer: 
 Requests storage 
 Sends goods to the warehouse 
 Requests cross docking 
 Requests the picking of specific goods from storage in order for them to be sent to 
the stores 
 Requests extra activities, such as re-labelling the boxes 
 Sends a weekly forecast of the next week’s work load 
 Pays the warehouse for its services. 
In response, the warehouse: 
 Provides storage 
 Receives the goods 
 Does cross docking with the goods received 
 Picks the goods from storage and sends them to the stores 
 Does the extra activities requested 
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 Receives the work load forecast and hires temporary workers accordingly 
 Sends an invoice to the customer. 
Regarding the relationship with the suppliers, the warehouse plays the following role: 
 Submits request for the regular orders 
 Submits request for special orders (occasionally) 
 Pays the suppliers for their products/services. 
And, the suppliers return the following: 
 Deliver the regular orders 
 Deliver the special orders 
 Send the invoice to the warehouse regarding the products/services provided. 
As to the warehouse’s connection with the Partners, there is a bidirectional flow. They both: 
 Send and receive goods, as well as all the detailed information on them. 
Finally, the last entity with which the warehouse exchanges information is the K+N Central 
Offices.  
 The Central requests regular reports on efficiency and effectiveness of the 
warehouse and it responds accordingly. 
This information may be regarding financial aspects (such as actual results, rolling 
forecasts, allocations etc.) of the operation, Quality, Health, Safety, Environmental 
(QSHE) standards & requirements, staffing, non-conformity incidents.  
As another way of analysing and documenting the warehouse’s relationships with the exterior, 
a Class Diagram was also developed, and it can be seen in Appendix C. 
4.2.2 Internal Analysis of the Warehouse 
This internal analysis aims to be the physical analysis of the warehouse. Therefore, the 
information is presented as follows: 
1. Blueprint of the layout of the warehouse, with information about the locations of 
spaces and goods; 
2. Organizational structure of the warehouse employees, as well as a description of 
their work and responsibilities; 
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1. Layout of the warehouse 
The layout of the warehouse was made from scratch using the blueprint of the building 
provided by the fire department. It was made using simple tools like PowerPoint and basic 
image manipulation tools. A small sample of the result can be seen in Figure 12.  
The numbered lines in the centre of the layout represent the racks where the goods are stored 
and the coloured and numbered areas represent offices, break areas and loading zones. 
For lack of space and detail of the picture, a better explanation of this layout is described in 
Appendix C. 
Figure 12 – Detail of the layout of the warehouse showing the Outbound area and part of the Inbound 
area. 
2. Task Analysis 
As there was the need for some kind of document that explained, briefly, the responsibilities 
and tasks of the workers, a simple table with such information was built. In order to be easier 
to read, it is divided it in 3 Tables (2,3 and 4), according to the position of the workers: 
a) Planner – Represented in Table 2; 
b) Team Leader – Represented in Table 3; 
c) Operator – Represented in Table 4. 
The tables show information about the type of work, location, main responsibilities and other 
tasks that may be asked of the workers of each position. 
In the main responsibility and other tasks columns, the type of work is organized by colours. 
Violet represents planning tasks, orange, registering results, green, manual labour, and white, 
other types of work that doesn’t fall under one of these categories. 
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Table 2 – Responsibility table of the position a) Planner. 
TYPE OF WORK LOCATION MAIN RESPONSIBILITIES OTHER TASKS 
Administrative, 
management 
Office . Plan, follow-up and evaluate 
production 
. Solve problems that may 
occur 
. Plan staff . Customer requests 
. Report to main office . Filling in for team leaders 
. Accounting and invoicing . Deputy for site manager  
. Update documents 
  
. Tactical planning    
. Contact with customer, 
partners, etc 
  
Table 3 – Responsibility table of the position b) Team Leader. 
TYPE OF WORK LOCATION MAIN RESPONSIBILITIES OTHER TASKS 
Administrative, 
management, team 
management 
Inbound . Planning the unloading of 
containers 
. Solve problems that may 
occur 
. Planning the work (day by day 
to match the goals)  
. Fix equipment 
. Process the goods in the I.S. . Extra activities requested by 
the customer (ex: new 
marking of boxes) 
. Organize teams daily . Manual labour (Unload 
containers, label, etc) 
  
. Train temporary staff and 
new employees 
Outbound . Organize the team (pickers) . Solve problems that may 
occur 
. Process the order and print the 
labels in the I.S. 
. Fix equipment 
. Trolley demand and request . Manual labour 
  . Extra activities requested by 
the customer (ex: picking for 
good will) 
  . Train temporary staff and 
new employees 
Administrative, 
management, team 
management, 
article handling 
Deviation . Manage deviations . Manage arrival of trucks (the 
driver) 
. Handle new openings . Pick Bosch goods 
. Control of the different 
damaged cartons 
. Fills in to Team leader 
Outbound 
. Weekly Stock count . Train temporary staff and 
new employees  
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Table 4 – Responsibility table of the position c) Operator. 
TYPE OF WORK LOCATION MAIN RESPONSIBILITIES OTHER TASKS 
Article handling Inbound . Unload truck . Train temporary staff and 
new employees 
. Labelling . Count locations 
. Registering of the unloading 
articles 
. Extra activity 
. Put away 
  
. Forklift daily check  
  
Outbound . Picking goods . Inventory 
. Labelling . Count locations 
. Forklift daily check  . Extra activity 
Loading the trolleys . Train temporary staff and 
new employees 
Deviation . Registering stock errors . Help outbound 
. Making lists for counting stock  . Train temporary staff and 
new employees 
. Checking stock in locations    
. Picking for new openings   
. Putting on correct locations    
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4.3 Process Analysis 
In this section, are presented the results regarding to the process analysis both of K+N as a 
whole, and of the warehouse. 
In both analyses a main process map will be presented. However, the second will be a more 
detailed analysis, since the warehouse is the main focus of this paper.  
4.3.1 Kuehne+Nagel – Process Mapping 
Before starting to map the processes of the warehouse, we felt that it would be helpful to 
understand the processes of the company as a whole, in order to identify the role of the 
warehouse within the “bigger picture”.  
Thus, an analysis of the processes and procedures of the company was done and, to portray 
the findings of this analysis, a Main Process Map and a Responsibility matrix were built. 
Figure 13 shows the Main Process Map and, in Figure 14, the Responsibility matrix of the 
company is displayed. 
Figure 13 – Main Process Map of K+N. 
As it is represented in the figure above, in this analysis, we identified 4 major processes, 1 
input and 1 output. 
The input of theses processes is an order from the customer. The output is that same order 
being fulfilled. 
If we now study the responsibility matrix represented below, we can see the phases of each 
process as well as the actors that participate in them. 
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Figure 14 – Responsibility Matrix of the Main Processes of K+N. 
As the subtitle of the figure indicates, the full red circles represent the direct responsible of the 
phase, and the white circles with red line, refer to the actors that are involved in the phases, 
but are not accountable for them. 
After the input is sent, the process begins in Asia, with the manufacture of the goods (which is 
not part of K+N work, and therefore, is not represented in the matrix) and their loading in a 
container. 
Once the container arrives at K+N Central Hub in the Netherlands, it’s distributed through the 
warehouses in Europe. Then, the warehouse comes in the equation to provide storage and, 
when the time comes, start the process of distribution to the retailers. 
In order to better explain this process, we created a State Machine Diagram that shows the 
whole journey of a package. It can be seen in Appendix C. 
4.3.2 Warehouse – Process mapping 
As mentioned before, mapping the processes of the warehouse, and writing the work 
instructions as consequence, was one of the main objectives of this work. 
In this sub-chapter, we will present the maps that were developed and some explanations 
about them. 
Process Map 
As the highest level of this system, we developed a Process Map (Figure 15). Much similar to 
the process map developed in Figure 13, this aims to represent the main processes of the 
warehouse and the way they are connected to each other. 
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Figure 15 – Process Map of the Warehouse 
The map is divided in 3 types of processes, Core, Support and Control. 
As mentioned before, the core processes are the ones that add value to the customer. In the 
warehouse, we were able to identify 3 processes and 1 sub-process as core. 
The processes Inbound, Outbound and the sub-process Storage and Crossdock, are directly 
connected to the delivery of the value proposition, to store and send out products as requested 
by the customer. The process Extra Activities, although it’s not part of the main service of the 
warehouse, represents activities that go beyond it, and act as an added value to the value 
proposition, thus adding value both to the customer and the company. 
As support processes there are 4 processes and 4 sub-processes.  
The processes represent activities that support the core processes directly, as shown in the 
figure through the connectors. The sub-processes act as support to the extents that represent 
non-compliances (NC) that may occur during one of the processes to which they are 
connected. 
In chapter 2.2.2, in the Literature Review, there is no mention of a Control Process. However, 
since the warehouse doesn’t have any management or strategy processes, it was decided to 
create a new type of process that described exactly the only process in question, T.L.D. – 
Weekly Stock Check. One might argue that this is a support process, however, this process 
doesn’t relate to any of the others in specific, as the other does, but it relates to all of them in 
the same way, for it controls and fixes actions that are performed in all of the processes in the 
warehouse. 
This Process Map relates to all the processes that will be presented next, as swimlanes and 
flowcharts.  
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Swimlanes and Flowcharts 
In order to show in detail the activities performed in the processes shown in Figure 11, 10 
swimlanes and 3 flowcharts were created, one for each process. 
As mentioned before, during the literature review, if a process has either too many actors, or 
too many decisions, the swimlane can become confusing to the reader. Then, the use of 
flowcharts over swimlanes is preferred. 
In Table 5 are represented all the processes and sub-processes that resulted of the work in the 
company. Along with the names of the processes, there is also a small description of each one 
and of the type of diagram used to illustrate it, swimlane (S) or a flowchart (F). 
Table 5 – Processes and Sub-Processes designed for the warehouse 
Processes 
P1: Inbound 
Describes the activities performed in the Inbound Area. From the arrival of a 
truck/container to division between storage and crossdock. S 
P2: Outbound 
Illustrates all the activities performed in the Outbound Area. From the 
arrival of the order to the send out of the goods. S 
P3: T.L.I. – Daily 
Plan 
Describes the activities performed by the Team Leader Inbound (TLI) for 
planning the day.  
S 
P4: T.L.O. – Trolley 
demand and request 
Describes the activities performed by the Team Leader Outbound (TLO) in 
the end of every day, to plan the send out of the goods for the next day. 
S 
P5: T.L.D. – Weekly 
stock check 
Details the activities performed by the Team Leader Deviations (TLD) to 
execute the stock check of the warehouse. F 
P6: T.L.D. – New 
openings 
Describes the activities performed, mainly, by the Team Leader Deviations 
(TLD) in order to handle the sending of goods to a new store that is opening. 
S 
P7: Extra Activities 
Illustrates the activities that are necessary to perform when executing extra 
activities. 
S 
P8: Returns from the 
distributor 
Describes the activities, performed by the TLD, when handling cartons 
returned by the distributor. S 
Sub-Processes 
SP1: Storage and 
Crossdock 
Illustrates the activities necessary to complete the storage or crossdocking of 
arriving goods. 
S 
SP2: NC1: Damaged 
cartons inbound 
Non-compliances (NC) processes describe the activities that must be 
performed when a non-conformity occurs. NC1 describes what must happen 
when a damaged carton is found in an arriving truck/container. 
S 
SP3: NC2: Label 
error inbound 
Describes what activities must be performed when a label error occurs in the 
Inbound Area. 
F 
SP4: NC3: Deviation 
zone 
Represents the activities that must take place when a carton or label must be 
sent to the Deviation Zone. 
F 
SP5: NC4: Deadline 
Error 
Shows the activities that must be performed when a deadline to send out 
goods cannot be fulfilled. 
S 
As the purpose of the swimlanes and flowcharts is to either be visualized in a computer or be 
printed in a large scale to be displayed in the warehouse, the details are difficult to see in a 
small figure. However, we chose the less detailed processes to be able to show it here, in the 
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main body of this thesis. The other 11 processes, and the ones presented here in a larger scale, 
can be seen in Appendix C.  
Figure 16 represents the flowchart of the process T.L.D. – Weekly Stock Check and in Figure 
17, the swimlane of the process T.L.D. – New openings. Along with the flowchart and the 
swimlane, we show the process map presented before, in order to understand where the 
process that is being presented fits in the main map. 
Figure 16 – Flowchart of the process T.L.D.–Weekly Stock Check and it’s position in the process 
map. 
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Figure 17 – Swimlane of the process T.L.D. – New Openings and it’s position in the process map. 
As we can see in the figures above (Figures 16 and 17), the main difference between the two 
diagrams is how the actors are represented. In the swimlane, the name of the actor is on top of 
the lane, and inside it are all the activities that he/she must perform. In the flowchart, the 
actors are represented by the colour of the activity “balloon”, which is then explained in the 
sub-title located under the work instructions. 
The other elements are common to both diagrams: 
a) The phases of the processes are represented on the left side;  
b) All the activities are numbered by the order in which they should be performed 
and are labelled as either manual, IS supported, message tasks, or Process/Sub-
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Process, which indicates where the flow should continue, as it is demonstrated in 
Figure 18;  
c) On the right side, the Work Instructions are presented. 
Both swimlanes and flowcharts are meant to represent the “what”; the work instructions 
represent the “how”. 
Figure 18 – Type of tasks represented in the swimlanes and flowcharts. 
Work instructions and Activity Worksheets 
In order to explain how the tasks must be performed, work instructions were created for the 
tasks that needed further explanation. 
These instructions come in two forms, according to their complexity. 
 Basic work instructions represented alongside the maps; 
 Or as Activity Worksheets, if a larger number of steps and rules must be performed 
and taken in consideration. 
A more detailed example of basic Work Instructions, with the respective swimlane, is 
represented in Figure 19. 
As shown in the figure below, the instruction has the same number as the task and provides a 
little more information about the same. 
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Figure 19 – Detail of the process Extra Activities showing the Work Instructions. 
In the cases for which an Activity Worksheet was created, the work instruction indicates its 
number. 
These Activity Worksheets were made in a form of tables and should be placed next to the 
maps, or as an appendix, in order to be easy to read. 
The Table 6 shows the template created for all Activity Worksheets. 
Table 6 – Template of the Activity Worksheets. 
Activity Worksheet (Nº) 
Activity’s number: _________________ 
Activity: _____________________________ 
Actor(s): ____________________________ 
Major Output of the Activity: ____________  
Process: _____________________ 
Steps in the Activity Decision/Rules 
1. 
2. 
3. 
4.  
… 
Rule 1. 
… 
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This template was based on the Activity Analysis Worksheet created by Harmon (2010, p. 
260) and on the Activity Detail Sheet created by Madison (2005, p. 37).  
It contains all the information about the activity. The process to which it belongs to; its 
number and name; the actor that performs it; its major output; the steps that must be followed; 
and the set of rules that must be taken in consideration when performing it. If necessary, 
figures are included in the steps or rules for a better understanding. 
All the Activity Worksheets created can be seen in Appendix C, next to their respective 
process map. 
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5 KEY PERFORMANCE INDICATORS  
In this chapter, the results for the second part of the work done at the warehouse are 
presented; the development of the Key Performance Indicators (KPI). 
As we know, being able to track the progress of the company in the various aspects of the 
work is very important for its continuous improvement and competitive advantage. 
In order to measure the warehouse performance, a set of KPIs was created using the technique 
of brainstorming and then narrowed using the combination of conditions, as already 
mentioned in chapter 3: 
 How to measure it? 
 Who will be measuring it? 
 What is the benefit of measuring it? 
 And, is the benefit worth the time spent measuring and handling the data? 
For a better understanding of the KPIs that resulted from this process, a scheme is shown in 
Figure 20. The figure shows the 10 KPIs that were developed and in which process they are 
measured. 
Figure 20 – KPIs created and the process to which they are connected. 
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As it can be seen in Figure 20, each KPI is connected to the process in which it is measured.  
The following tables (Tables 7, 8 and 9) show the details of the KPIs introduced in Figure 20. 
The tables are divided per the process in which the KPI acts, in order to better take advantage 
of the space in this thesis. 
The tables have information about each indicator, as well as a brief description, frequency of 
measurement and the responsible to do so, source of data, the formula used to calculate the 
final result, the target value and other critical information.  
The first row of every table also indicates if the KPI is measuring the efficiency or the 
effectiveness. The efficiency is related to productivity and costs, and the effectiveness relates 
to the quality of the service and the customer’s satisfaction. 
Table 7 - KPIs designed for the warehouse, measured in the process Inbound. 
 
Efficiency 
Process INBOUND 
ID KPI 1 KPI 2 KPI 3 
Indicator 
Average time spent in 
unloading (cartons) 
Average time spent in put-
away 
Inbound - Total 
production per man hour 
Measure 
Average time spent on 
unloading a 
truck/container per 
carton 
Average time spent 
labelling and storing 
Total production per man-
hour translated in number 
of cartons per hour in 
Inbound. 
Unit Measure Minutes Minutes Number of cartons/hour 
Frequency of 
measurement 
Daily Daily Daily 
Source of data “Losseliste” “Put-away time liste” 
“Stemplingkort” and 
“Ankomstlista” 
Who measures Team leader Inbound Team leader Inbound Planner 
Who acts on the 
data 
Team leader Inbound Team leader Inbound Planner 
Benefit 
Improve the production 
planning. 
Improve the production 
planning. 
Knowing the production 
performance of this 
department 
Formula 
Hours spent 
unloading/total 
number of cartons 
unloaded 
Hours spent in put-
away/number of pallets 
stored 
Total amount of cartons 
produced/Total amount 
of man hours 
Target Level(s) 0,16 2,5 125 
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Table 8 - KPIs designed for the warehouse, measured in the processes Outbound, Extra Activities and 
Returns from the distributor. 
 
Efficiency Effectiveness 
Process OUTBOUND Extra Activities 
Returns from the 
distributor 
ID KPI 4 KPI 5 KPI 6 
Indicator 
Outbound - Total 
production per man 
hour 
Number of rejected extra 
activity’s report 
Number of cartons 
returned by the 
distributor 
Measure 
Total production per 
man-hour translated in 
number of cartons per 
hour in Outbound. 
Percentage of reports 
regarding extra activities 
that are rejected against 
the total number of extra 
activity related reports 
that are sent 
Percentage of the 
number of cartons 
returned by the 
distributor against the 
total number or cartons 
that were picked in the 
previous week 
Unit Measure 
Number of 
cartons/hour 
Percentage Percentage 
Frequency of 
measurement 
Daily Every 3 months Weekly 
Source of data 
“Stemplingkort” and 
“Prognosefila” 
Email and ProjectPlace Distributor 
Who measures Planner Planner Distributor 
Who acts on the 
data 
Planner Planner Planner 
Benefit 
Knowing the 
production 
performance of this 
department 
Report quality control, 
reduce time revising 
rejected reports 
Understand how much 
time is spent correcting 
this. 
Formula 
Total amount of cartons 
produced/Total 
amount of man hours 
(Number of rejected extra 
activity reports/Total 
number of extra activity 
reports)*100 
(Number of cartons 
returned by the 
distributor/Total 
number of picked cartons 
in the previous 
week)*100 
Target Level(s) 120 5% 0-0,02% 
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Table 9 - KPIs designed for the warehouse, measured in the sub-processes NC3 – Deviation Zone and 
NC4 – Deadline Error. 
 
Efficiency Effectiveness 
Process NC3 - Deviation Zone NC4 - Deadline Error 
ID KPI 7 KPI 8 KPI 9 KPI 10 
Indicator 
Number of 
deviations 
Number of failed 
cartons during control 
Mistakes solved by the 
warehouse 
Number of delayed 
shipments on M3 
Measure 
Number of deviations 
per man-hour (Types 
of deviations, KPIs 
from 7.1 to 7.6) 
Percentage of number 
of failed cartons during 
control (Types of 
reasons to fail, KPIs 
from 8.1 to 8.7) 
Percentage of mistakes 
that are solved by the 
warehouse, without 
needing help from the 
customer 
Percentage of 
delayed shipments 
registered on M3 
against the total 
number of 
shipments 
Unit Measure Deviation/hour Percentage Percentage Percentage 
Frequency of 
measurement 
Monthly Monthly Monthly Monthly 
Source of data  “Avvik graf”  "Outbound Logg" 
 “Avvik graf” and 
ProjectPlace: “Returer 
& gods funnet på lager 
2015” 
“Delayed shipments” 
Who measures 
Team leader 
Deviations 
Team leader 
Outbound 
Team leader Deviation 
Team leader 
Outbound 
Who acts on the 
data 
Planner Planner Planner Planner 
Benefit 
Understand where 
the errors occur. 
Understand the cause 
of the mistakes. 
Understanding how 
many errors the 
warehouse can solve 
without the customer’s 
help. 
Understand if the 
day is being planned 
correctly 
Formula 
(Total number of 
deviations/Total 
number man-hours) 
(Total number of fails 
in control/Total 
number of cartons sent 
out)*100 
(Total amount of 
deviation-Deviations 
with help from 
customer)/Total 
amount of deviations 
*100 
(Nº of delayed 
shipments on 
M3/Total nº of 
shipments)*100 
Target Level(s) 0,1 0-0,01% 60-100% 0-1% 
Both KPI 7 and KPI 8, measured in the sub-process NC3 – Deviation Zone, are total 
measurements of their sub-KPIs, named from KPI 7.1 to KPI 7.6 and from KPI 8.1 to KPI 
8.7, respectively. The details of these sub-indicators are displayed in Appendix D - KPI. 
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5.1 Result normalization 
5.1.1 Global Performance Score Target 
Another excel document was created in order to, not only, calculate the results using the 
formulas presented in the tables above, but also to normalize the values, using the formulas 
presented in the chapter 3, Methodology, and calculate the final grade of performance for the 
warehouse. 
Before presenting some example results, in order to show how the Final Global Performance 
Score (FGPS) is calculated, we calculated the Global Performance Score Target (GPST), 
using the target values displayed in the previous tables, and the standard deviation of that 
value. 
As explained in chapter 3, Methodology, the formulas used to normalized the results were the 
following: 
(1) 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 = 1 −
𝑅𝑒𝑠𝑢𝑙𝑡
100
  
(2) 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 =
𝑅𝑒𝑠𝑢𝑙𝑡
100
 
(3) 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 = 1 −
𝑅𝑒𝑠𝑢𝑙𝑡−𝑇𝑎𝑟𝑔𝑒𝑡 𝑉𝑎𝑙𝑢𝑒
𝑇𝑎𝑟𝑔𝑒𝑡 𝑉𝑎𝑙𝑢𝑒
 
(4) 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 =
𝑅𝑒𝑠𝑢𝑙𝑡
𝑇𝑎𝑟𝑔𝑒𝑡 𝑉𝑎𝑙𝑢𝑒
 
All of the above formulas return a normalized value equal to 1, when the result is equal to the 
target value (e.g. the optimal performance level is reached). The normalized value is then 
multiplied by the weight of the KPI. As a result of this, the grade of each KPI will come out 
as the same value as their respective weights. 
Therefore,  𝑮𝑷𝑺𝑻 = 𝟓𝟏  which is the sum of all the grades of the KPIs, and this indicates 
the optimal global performance level. This target should be the aim of the company, to ensure 
efficiency in all areas of the business. 
Using these results, the standard deviation was also calculated. However, later it was decided 
that this value was too low, and that the standard deviation times two should be used, so that it 
is possible to have a 5% deviation. Using the target values as results, and calculating the 
standard deviation times two yields the following value: 
𝟐𝝈 = 𝟒, 𝟓𝟔𝟓𝟓𝟕𝟏𝟔𝟒𝟓 ≈ 𝟓% 
In order for the FGPS-result to be understandable by anyone, it was translated in terms of a 
percentage value. Using the formula (6), previously shown in chapter 3: 
(6) 𝐹𝑖𝑛𝑎𝑙 𝑔𝑙𝑜𝑏𝑎𝑙 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑠𝑐𝑜𝑟𝑒 =
𝐺𝑃𝐺∗100
𝑇𝐺𝑃𝑆
  
This way, we can see the GPST as 100%, and all the results that we’ll get with the real values, 
will be easier to compare. 
Further explanation on how the previous calculations were made can be seen in Appendix D – 
GPST and Standard deviation calculations. 
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5.1.2 Final Global Performance Score 
Since there was no time during this project to obtain real results from the warehouse, a 
simulation, using fabricated results, was created to illustrate how the Final Global 
Performance Score (FGPS) can be calculated. 
In table 10 is shown 4 examples of “results obtained”, the formula used to normalize the 
results, their weight and final normalization value. A table with examples of all the results, as 
well as of more detailed information on their calculation can be found in Appendix D – 
FGPS. 
Table 10 – Results created to illustrate a possible Global Performance Score for the warehouse. 
Using the example values in the table above, and all the values for the other KPIs shown in 
Appendix D, the FGPS is: 
𝑭𝒊𝒏𝒂𝒍 𝑮𝒍𝒐𝒃𝒂𝒍 𝑷𝒆𝒓𝒇𝒐𝒓𝒎𝒂𝒏𝒄𝒆 𝑺𝒄𝒐𝒓𝒆 = 𝟗𝟓, 𝟑𝟗% 
Since the 2𝜎 is 5%, this illustrative result would still be within the accepted result window. 
If we wish to understand which values are “responsible” for it being bellow the ideal, we can 
compare the results one by one, with the respective target value. A table containing those 
values can be seen in Appendix D – FGPS. 
 
ID Indicator Formula 
Target 
Level(s) 
Real Result 
Weight 
(1-10) 
Formula to 
normalize 
Normalized 
Value*weight 
KPI 1 
Average time 
spent in 
unloading 
(cartons) 
Hours spent 
unloading/total 
number of cartons 
unloaded 
0,16 0,1714 6 (3) 5,5714 
KPI 4 
Outbound - Total 
production per 
man hour 
Total amount of 
cartons 
produced/Total 
amount of man 
hours 
120 134,6154 7 (4) 7,8526 
KPI 6 
Number of 
cartons returned 
by the 
distributor 
(Number of cartons 
returned by the 
distributor/Total 
number of picked 
cartons in the 
previous week)*100 
0-0,02% 0,3000 4 (1) 3,9880 
KPI 9 
Mistakes solved 
by the 
warehouse 
(Total amount of 
deviation-
Deviations with help 
from 
customer)/Total 
amount of 
deviations *100 
60-100% 93,3333 6 (2) 5,6000 
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6 CONCLUSIONS AND FUTURE WORK 
In this section we will present the conclusions of the work done at the warehouse, as well as 
the limitations that were encountered, how the results were received by the company and how 
they will be used in the future. We will also discuss some directions for the future work of the 
warehouse. 
6.1 Conclusions drawn from the obtained results 
The main objective of this work was to map the processes of the Kuehne+Nagel’s Warehouse 
at Gardermoen, and develop a set of key performance indicators to measure the general 
performance of the warehouse. 
For the first part of the work, we studied the company and the warehouse’s business model, 
constructed a main process map for the company in order to see where the warehouse fit in 
the “bigger picture”, and then made the process maps and work instructions of the warehouse. 
The maps that were produced helped the team to find irrelevant steps that were being made 
and to find the flow of work that should be followed in order for the day to run smoothly and 
with no step-backs and errors.  
The work that resulted from this dissertation was very well received by the warehouse’s 
administration and the maps and work instructions will be put up in the warehouse and used, 
from now on, in the training of new staff. 
For the second part of the work, to measure performance of the warehouse, a set of 10 KPIs 
was developed and the normalization of the results was done, in order to be able to compare 
them and to have a general grade of performance, which was called Final Global Performance 
Score.  
In order to achieve this goal, there was a brainstorming session, a selecting procedure 
considering several aspects, such as, the benefit and how it could be measured, followed by an 
analysis and normalization of the results. 
The Final Global Performance Score is in the form of a percentage and, through the 
calculation of the standard deviation the results should be between 95 and 100%. If the result 
is under 95%, a further analysis of the individual results of each KPI should be performed in 
in order to understand which KPI is not being fulfilled. In this procedure, the comparison of 
the individual KPI’s result to its target value is of outmost importance. 
The KPIs produced for this dissertation were also very well received from the administration 
and the first results of this measurement are being received as of this writing. 
During the course of this work, only one main limitation was encountered, the lack of time to 
implement the results obtained. Since the work was done between February and June of 2015, 
there wasn’t enough time before the deadline of this dissertation to work with the maps that 
were produced, or to collect enough data to accurately measure the performance of the 
warehouse and evaluate the target levels that were appointed. 
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6.2 Future work 
This work produced maps for the most processes that are done at the warehouse, however it 
only covered the physical procedures. Mapping the processes of the work done by the 
administration would be very important for the success and continuous growth of the 
warehouse. 
Using tools of Business Process Re-engineering could also be a practice to consider for the 
future, in order to adjust the business strategy and make sure that the customer’s needs are 
being met.  
When it comes to the future results from the performance measurements, in a long-term plan, 
it will be very important to evaluate the relevance of the KPI itself and possibly adjust the 
target values set during this work. 
The main goal of every organization should always be to improve their performance. 
Therefore, an analysis of the target values put forth in this thesis, compared against the actual 
results obtained at given intervals of time is essential. This will make sure that the goals of the 
company are being met, and that the warehouse can continue to grow in the future.  
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A. 8 APPENDIX A: Literature Review 
BPMN 
Figure A-1– Core BPMN symbols (Part 1) (Harmon, 2010, p. 514) 
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Figure A-2 – Core BPMN symbols (Part 2) (Harmon, 2010, p. 515). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A-3 – Extended BPMN symbols (Harmon, 2010, p. 516). 
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Business Model Canvas 
Figure A-4 – Business Model Canvas template (A Osterwalder & Pigneur, 2010, p. 44) 
Other Models and Diagrams 
Figure A-5 – A simple example of a context diagram (IT Business Analyst, 2010) 
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Figure A-6 – Example of a simple class diagram. 
 
 
Figure A-7 – Simple example of a State Machine Diagram (SparxSystems). 
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B. 9 APPENDIX B: Methodology - Questionnaire 
Name:_______________________________________________________ 
Position:_____________________________________________________ 
 
1. What are your main activities? (Please mark 1 or more answers with a X)  
___ Administrative activities (customer, partner and supplier communication) 
___ Management activities (planning and distribution of work, report filling and delivering, etc.) 
___ Team Management (team leader responsibilities) 
___ Article handling (loading and unloading, picking, etc) 
 
2. What are your main responsibilities?  
(If it doesn’t apply or you don’t know, please leave blank) 
 
 
3. How does a usual day at work look like? How long does each activity take? 
(Please use a numbering system in which each number states a task that you usually perform, and in 
the order in which it is performed. Add the approximate time in minutes that task takes) 
Example of answer: 
1 – Unloading of arriving truck/container (120min) 
2 – Registering of the unloading articles (60min) 
3 – Picking of goods (240min) 
4 – Labelling (180min) 
…. 
 
 
4. What tasks might be asked of you but are not usually part of your normal day? 
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C. 10  APPENDIX C: Mapping the Warehouse – Results 
Class Diagram 
 
Figure C-1 – Class Diagram about the external relationships of the warehouse. 
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Layout of the warehouse 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure C-2 - Layout of the warehouse
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In Figure C2 is represented the complete picture of the layout of the warehouse. On the left side, 
represented by the green numbers, there are the gates, and it is divided between Inbound and 
Outbound Areas. Inside the areas, numbered, as V1, V2, V3, and so on, are the racks where the goods 
are storage.  
On the right side of the figures there is a subtitle. 
State Machine Diagram 
Figure C-3 – State machine diagram of the Main Process of K+N 
Process Maps with work instructions and Activity Worksheets 
In this section I present the main results of my work at the company. The process maps that 
follow, together with work instructions and activity worksheets, describe the main physical 
procedures in the warehouse. 
The maps are organized by the natural flow that the goods follow when they are at the 
warehouse and each of them is followed by the corresponding activity worksheets: 
 Inbound 
 Storage and Crossdock 
 Outbound 
 T.L.O. – Trolley Demand and request  
 Extra Activities 
 T.L.D. – New Openings 
 T.L.D. – Weekly Stock Check 
 Returns from the distributor 
 NC1 – Damaged cartons Inbound 
 NC2 – Label Error Inbound 
 NC3 – Deviation Zone 
 NC4 – Deadline Error 
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Figure C-4 – Swimlane of the process “Inbound”. 
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Table C-1 – Activity Worksheet 1. 
 Activity Worksheet 1 
Activity’s number: 27 
Activity:  Put cartons in Euro pallets separating the ones that go 
to storage and the ones that go to crossdock  
Actor(s): Operator 
Major Output of the Activity: Euro pallets separated by storage 
and crossdock  
Process: INBOUND 
Steps in the Activity Decision/Rules 
1. Take the cartons from the disposable pallets 
2. While doing that, start separating the ones that 
go to storage and the ones that go to crossdock, in 
separate pallets. 
 
 
 
Rule 1. One type of article per pallet 
Rule 2. Number of cartons per pallet must comply 
with what you write in the unloading list. 
Rule 3. How to make pallets: 
 - Height: 1,20m to storage/ 2,20 to crossdock; 
 - The article number should be visible from the 
outside (no cartons in the middle); 
 - There can’t be cartons outside of the pallet; 
 - Each layer has to contain the same amount of 
cartons, except the top one; 
 - All pallets must be plastered. 
Pallets to storage Pallets to crossdock 
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Figure C-5 – Swimlane of the sub-process “Storage and Crossdock”. 
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Table C-2 – Activity Worksheet 2. 
Activity Worksheet 2 
Activity’s number: 1 and 3 
Activity: Registration on M3; Release crossdock/Print labels 
Actor(s): Team leader Inbound 
Major Output of the Activity: Crossdock cartons are registered in the system and 
ready to be labelled  
Process: Storage and Crossdock 
Steps in the Activity Decision/Rules 
1. Open programme PPZ320 on M3 to transfer items to DPS170 
2. Enter the following data, according to the order that is going to crossdock: 
2.1. Sorting order = 81 
2.2. Warehouse = 800(cubus) or B2A(Vivikes) 
2.3. Item number = your item number. Press enter. 
2.4. Click on the line and press Ctrl 20. 
2.5. Another window will open up 
2.6. Write the correct amount in the blank space (the amount in the 017 column 
on the unloading list). Press enter. 
2.7. You will now have transferred the amount you filled in, from Transit to 
crossdock. 
2.8. Continue to do so until all item numbers with 017 have been transferred.  
3. Open programme DPS170 to release to the correct shipping date (in MWS410) 
4. Follow the following steps: 
4.1. Sorting order = 95 
4.2. FR Whs = 800 (cubus) or B2A (Vivikes) 
4.3. Order type = 017 (normal CD) or 031 (Nyåpning/New opening)  
4.4. Item number = your item number. Press enter. 
4.5. Click your line and press update proposals 
4.6. Another window will open up, press yes if the shipment is for todays date 
and the time is before 11:00. If it is for tomorrow you press no and enter 
the correct date. If it is for tomorrow and the time is after 11:00 you can 
also press yes, the system will then change the date automatically for 
tomorrow. Press enter. 
4.7. Click on your line and press release. 
4.8. Repeat for all your lines. 
4.9. Make sure you check both order number 017 and 031. Same procedure for 
both. 
5. To print the crossdock labels, open MWS410 and do the following: 
5.1. Sorting order = 53 for 017 or 76 for 031 
5.2. Whs = 800 (Cubus) or B2A (Vivikes). Press enter. 
5.3. You will now get a long list of lines, click on one of them and press page 
down until you reach the bottom. 
5.4. There may be lines with status 20 (already printed) or status 05 (not 
printed). 
5.5. Mark the lines that you do NOT want printed and press select/deselect from 
the menu on the right hand side, you will now have deselected everything 
already printed. If there is only status 05 and you want it all, you do not 
need to mark anything, but must always scroll down to the last line. 
5.6. Press print package label (item sort) in the menu on the right hand side. 
Rule 1. Always start with the 
crossdock! 
Rule 2. The date that you enter 
in step 4.6 is always tomorrow + 
1 day of shipping.  So if you 
need to have the goods shipped 
Monday 15.03.15, you will have 
to enter 16.03.15 in the system 
to get the correct date. 
Rule 3. After pressing entre 
when entering the date, you will 
return to previous window, 
where you made the changes. 
Always check twice that the 
date is correct, because at this 
point we can still correct it if we 
entered the wrong date. 
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Table C-3 – Activity Worksheet 3. 
 
 
 
 
 
 
Activity Worksheet 3 
Activity’s number: 1 and 4 
Activity: Registration on M3; Assign pallet to a location on M3 
(Put-away)/Print labels 
Actor(s): Team leader Inbound 
Major Output of the Activity: Storage pallets are registered in 
the system and ready to be labelled  
Process: Storage and Crossdock 
Steps in the Activity Decision/Rules 
1. Open programme PPZ320 on M3 to print the put-
away labels. Follow the next steps: 
1.1. Sorting order = 81 
1.2. Warehouse = 800 (Cubus) or B2A (Vivikes) 
1.3. Item number = your item number. Press enter. 
1.4. Click on the line and press Ctrl 20. 
1.5. Write the correct amount in the blank space (the 
pallets on the unloading list). 
1.6. Find an available location in MMS010 
1.6.1. Warehouse = 800 (Cubus) or B2A 
(Vivikes) or the one you need 
1.6.2. Ltp = SL 
1.6.3. ABC = A for heights 3-5, B for heights 1-2 
1.6.4. Location = If you want to search in a 
specific row then type, Example:V24, and 
the search will start with that row. If you 
leave this empty the search will start at the 
lowest available location. 
1.6.5. Press F5 and the search results will appear. 
1.7. Left click and hold the location, drag it over to 
the field where it says Crossdock, it will then 
change to the location you have chosen. Press 
enter. 
1.8. You will now have transferred the amount you 
filled in, from transit to storage location. 
1.9. The printer will give you 2 labels for every 
location/pallet. 1 label goes in front, the other on 
the backside of the pallet. 
1.10. Continue to do so until all item numbers with 
stock have been transferred.  
Rule 1. Always do crossdock first! 
Rule 2. After step 1.10, remember to 
refresh MMS010 between every number, 
pressing F5. 
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Figure C-6 – Swimlane of the process “Outbound”. 
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Table C-4 – Activity Worksheet 4. 
Activity Worksheet 4 
Activity’s number: 1, 2 and 3 
Activity: Read order on M3; Organize and prioritize orders; 
Print labels 
Actor(s): Team leader Outbound 
Major Output of the Activity: Labels ready to be separated in 
order to start picking  
Process: OUTBOUND 
Steps in the Activity Decision/Rules 
1. Open the programme DPS170 on M3. Sort 
orders by warehouse, order type (018/019) and 
planning policy (019 only). 
2. Select the orders you want and press update 
proposals to set the delivery date. Then press 
release. 
3. Once the orders are realised they will appear in 
MWS410. Open MWS410 and set warehouse and 
sorting order (43 for 018 and 63 for 019). 
4. Once you have selected the order you want 
press “Print Package Label (Location Sort)” 
Printed orders will then change status to 20. 
Orders not printed have status 05. 
Rule 1. ---- 
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Table C-5 – Activity Worksheet 5. 
Activity Worksheet 5 
Activity’s number: 6 
Activity: Pick cartons 
Actor(s): Operator 
Major Output of the Activity: Cartons picked, ready to be 
controlled  
Process: OUTBOUND 
Steps in the Activity Decision/Rules 
1. Get an empty pallet and go the rack marked in 
the labels 
2. Take the cartons from the pallets in the rack 
3. Label and place them in the pallet you brought 
as you go 
4. When the pallet is full move it to the Control 
Zone 
Rule 1. When performing single picking, is very 
important to double check that you pick the right 
carton 
Rule 2. The boxes should be placed on the pallet 
before putting on labels 
Rule 3. The labels without a bar code used for 
picking the cartons DO NOT go in the cartons. 
Example in the image bellow. 
 
 
 
 
 
Rule 4. If a malfunction occurs in the number of 
items or labels during picking or labling the 
Teamleader MUST BE INFORMED 
IMMEDIATLY in order for the situation to be 
corrected before they are loaded into the truck. 
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Table C-6 – Activity Worksheet 6 
Activity Worksheet 6 
Activity’s number: 7 
Activity: Pick pallets 
Actor(s): Operator 
Major Output of the Activity: Pallets picked, ready to be 
labelled  
Process: OUTBOUND 
Steps in the Activity Decision/Rules 
1. Go to the rack marked on the labels 
2. Pick the whole pallet  
3. Place the stack of labels on top of the podium 
4. Place pallet in the Labelling Area. 
Rule 1. The labels without a bar code used for 
picking the cartons DO NOT go in the cartons. 
Example in the image bellow. 
 
 
 
 
 
 
Rule 4. If a malfunction occurs in the number of 
items or labels during picking or labling the 
Teamleader MUST BE INFORMED 
IMMEDIATLY in order for the situation to be 
corrected before they are loaded into the truck. 
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Table C-7 – Activity Worksheet 7. 
Activity Worksheet 7 
Activity’s number: 15 
Activity: Perform control 
Actor(s): Operator 
Major Output of the Activity: Pallets controlled, ready to be 
loaded in the truck 
Process: OUTBOUND 
Steps in the Activity Decision/Rules 
1. Look at the pallet and see if you can spot any 
mistakes 
2. Take samples from each pallet and control 
them  
3. If you spot any error, inform the Team leader 
Outbound. 
Rule 1. Each box should have a corresponding 
label 
Rule 2. Always check the article number on the 
label against the article number on the carton, as 
shown in the pictures below. 
 
 
 
 
 
 
 
Rule 3. The barcodes on the labels must remain 
straight and undamaged when they are put on the 
cartons. 
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Table C-8 – Activity Worksheet 8. 
Activity Worksheet 8 
Activity’s number: 19 
Activity: Fill receipt with number of pallets on the truck 
Actor(s): Operator 
Major Output of the Activity: Receipt ready to be put in the truck
  
Process: OUTBOUND 
Steps in the Activity Decision/Rules 
1. Get the receipt that is shown above. 
2. Fill the receipt following the example given. 
Rule 1. Never forget to put the receipt inside the 
truck, along with the loaded pallets. 
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Figure C-7  – Swimlane of the process “T.L.O. – Trolley demand and request”. 
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Table C-9 – Activity Worksheet 9. 
Activity Worksheet 9 
Activity’s number: 2 
Activity: Fill container report 
Actor(s): Team leader Outbound 
Major Output of the Activity: Report ready to be sent to the distributor  
Process: T.L.O. – Trolley 
demand and request 
Steps in the Activity Decision/Rules 
1. Fill the container report considering the rules described in the 
worksheet. 
2. Send it to the distributor and internally. 
3. When it is 50% full, mark the time in the respective column and 
send it to the same recipients mentioned before. 
4. Do the same after it is 100% full.  
Rule 1. To decide what time for each 
order consider: 
-The cartons coming from crossdock 
-The cartons that were already picked (if 
any) 
-The amount of pallet picking (it’s faster 
than single picking) 
Rule 2. To decide the amount of trolleys 
consider: 
-The cartons coming from crossdock 
-Amount of cartons per order 
-Size of the cartons 
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Figure C-8 – Swimlane of the process “Extra activities”. 
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Table C-10 – Activity Worksheet 10. 
Activity Worksheet 10 
Activity’s number: 3 
Activity: Fill list with number of hours spent on the activity 
Actor(s): Operator 
Major Output of the Activity: List ready to be analysed by the 
planner and included in the final report 
Process: Extra Activities 
Steps in the Activity Decision/Rules 
1. Get a copy of the “Bakside ekstrakostskjema – 
liste”, from the team leader. Example in the 
figure. 
2. Fill the columns according to the type of extra 
activity 
3. Deliver the document to the team leader. 
Rule 1. Be thorough. 
 
Table C-11 – Activity Worksheet 11. 
Activity Worksheet 11 
Activity’s number: 5 
Activity: Fill a report with all the information retrieved 
Actor(s): Planner 
Major Output of the Activity: Report ready to be sent to the 
responsible 
Process: Extra Activities 
Steps in the Activity Decision/Rules 
1. Fill information about the activity  
2. Put in pictures 
3. Evaluate the time spent 
4. Register in the “Ekstrakostskjema” 
5. Send 
Rule 1. ---- 
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Figure C-9 – Swimlane of the process “T.L.D. – New openings”. 
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Table C-12 – Activity Worksheet 12. 
Activity Worksheet 12 
Activity’s number: 2, 3 and 4 
Activity: Register all the cartons in the New Openings Document; Assign each carton 
to a pallet, manually; Assign pallet to location in the New Openings Document. 
Actor(s): Team leader Deviations 
Major Output of the Activity: Pallet is ready to be placed in the assigned location in 
storage 
Process: T.L.D. – New 
Openings 
Steps in the Activity Decision/Rules 
1. Open the excel document “Nyåpninger v2”. Example in the figure above. 
2. Fill the information according to the example above. 
Rule 1. Only fill the green 
columns. 
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Figure C-10  – Bigger image of the flowchart of the process “T.L.D. – Weekly Stock Check”. 
Process Analysis and KPI specification for a 3PL Warehouse in Kuehne+Nagel Norway 
 
79 
Table C-13 – Activity Worksheet 13. 
Activity Worksheet 13 
Activity’s number: 16 
Activity: Register article number and count on Project Place 
Actor(s): Team leader Deviations 
Major Output of the Activity: Updated list in Project Place 
Process: T.L.D. – Weekly stock 
check 
Steps in the Activity Decision/Rules 
1. Open the file “retur.dok.” in ProjectPlace  
2. Fill it according to the example. 
3. Save it. 
Rule 1. Only fill the green columns. 
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Figure C-11 – Swimlane of the process “Returns from the distributor”. 
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Figure C-12 – Bigger image of the swimlane of the process “T.L.I.- Daily Plan”. 
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Figure C-13 – Swimlane of the sub-process “NC1 – Damaged cartons inbound”. 
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Table C-14 – Activity Worksheet 14. 
Activity Worksheet 14 
Activity’s number: 14 
Activity: Elaborate report 
Actor(s): Planner 
Major Output of the Activity: Report is ready to send to the 
customer 
Process: NC1 – Damaged Cartons 
Inbound 
Steps in the Activity Decision/Rules 
1. Fill information about the activity  
2. Put in pictures that document the damages 
3. Evaluate the time spent 
4. Register in the “VRL-PALL” 
5. Send to responsible. 
Rule 1. ---- 
Table C-15 – Activity Worksheet 15. 
Activity Worksheet 15 
Activity’s number: 18 
Activity: Fill the bill of loading 
Actor(s): Planner 
Major Output of the Activity: Damaged goods can be sent to 
recycling 
Process: NC1 – Damaged Cartons 
Inbound 
Steps in the Activity Decision/Rules 
1. Fill the bill of loading according to the example 
above 
Rule 1. ---- 
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Figure C-14 – Flowchart of the sub-process “NC2 – Label error inbound”. 
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Table C-16 – Activity Worksheet 16. 
Activity Worksheet 16 
Activity’s number: 19, 26 and 34/ and 23 
Activity: Print missing labels/Make manual labels 
Actor(s): Team leader Inbound/ or Team leader Deviation 
Major Output of the Activity: Labels are ready to be put on the 
cartons 
Process: NC2 – Label error 
inbound/ and NC3 – Deviation 
Zone 
Steps in the Activity Decision/Rules 
1. Open an excel file 
2. Fill the file according to the example above 
3. Print the label (s). 
Rule 1. --- 
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Table C-17 – Activity Worksheet 17. 
Activity Worksheet 17 
Activity’s number: 24 
Activity: Correct problem 
Actor(s): Team leader  
Major Output of the Activity: Cartons are no longer in 
“Transit” 
Process: NC2 – Label error 
inbound 
Steps in the Activity Decision/Rules 
1. Open programme PPZ320 on M3. 
2. Enter your item number. 
3. Press enter, a line with your item number 
should now appear. 
4. Click on the line and press Ctrl 20. 
5. Another window will open up 
6. Write the amount in the blank space 
7. Find available location in MMS010  
7.1. Warehouse = 800 (Cubus) or B2A 
(Vivikes) or the one you need 
7.2. Ltp = SL 
7.3. ABC = A for heights 3-5, B for heights 
1-2 
7.4. Location = If you want to search in a 
specific row then type, Example: V24, 
and the search will start with that row. If 
you leave this empty the search will 
start at the lowest available location. 
7.5. Press F5 and the search results will 
appear. 
8. Left click and hold the location, drag it over 
to the field where it says Crossdock, it will 
then change to the location you have chosen 
9. Press enter. 
10. You will now have transferred the amount 
you filled in, from transit to storage location. 
 --- 
 
 
 
Process Analysis and KPI specification for a 3PL Warehouse in Kuehne+Nagel Norway 
 
87 
Figure C-15 – Flowchart of the sub-process “NC3 – Deviation Zone”. 
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Table C-18 – Activity Worksheet 18. 
Activity Worksheet 18 
Activity’s number: 4 
Activity: Register in Deviation List 
Actor(s): Team leader Deviation 
Major Output of the Activity: Problem is registered 
Process: NC3 – Deviation 
Zone 
Steps in the Activity Decision/Rules 
1. Open excel document “Avviksskjema_Template”, example in the 
figure above. 
2. Register the problem according to the document. 
3. Save it. 
--- 
Table C-19 – Activity Worksheet 19. 
Activity Worksheet 19 
Activity’s number: 12 
Activity: Register result in “Alternative locations” 
Actor(s): Team leader Deviation 
Major Output of the Activity: Result is registered 
Process: NC3 – Deviation Zone 
Steps in the Activity Decision/Rules 
1.  Open the excel file “Alt.lok”  
2. Fill it according to the example above 
3. Save it. 
Rule 1. ---- 
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Table C-20 – Activity Worksheet 20. 
Activity Worksheet 20 
Activity’s number: 13 and 17 
Activity: Register result in “Deviations Graph” 
Actor(s): Team leader Deviation 
Major Output of the Activity: Result is registered 
Process: NC3 – Deviation 
Zone 
Steps in the Activity Decision/Rules 
1. Open the excel file “Avviksgraf” 
2.  Fill it according to the example above 
3. Save it. 
Rule 1. ---- 
Table C-21 – Activity Worksheet 21. 
Activity Worksheet 21 
Activity’s number: 24 
Activity: Register article number and count in ProjectPlace 
Actor(s): Team leader Deviation 
Major Output of the Activity: Problem is registered and awaits solution 
from the customer 
Process: NC3 – Deviation 
Zone 
Steps in the Activity Decision/Rules 
1. Open the excel file “retur.dok” in ProjectPlace 
2. Fill it according to the example above 
3. Save it. 
Rule 1. Only fill the green 
collumns. 
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Figure C-16 – Swimlane of the sub-process “NC4 – Deadline Error”. 
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D. 11 APPENDIX D: KPI  
Table D-1 – Sub KPIs of KPI7, with information about their measure and formula. 
Process ID Indicator Measure Formula 
Target 
Level(s) 
NC3 - 
Deviation 
Zone 
KPI 7 
Number of 
deviations 
  
  
  
  
  
  
Number of 
deviations per 
man-hour (Types 
of deviations, KPIs 
from 7.1 to 7.6) 
(Total number of 
deviations/Total 
number man-
hours) 
0,1 
KPI 7.1 
Percentage of 
"Full location" 
(Number of full 
locations/Total 
number of 
deviations)*100 
  
  
  
  
  
  
KPI 7.2 
 Percentage of 
"Empty location" 
(Number of empty 
locations/Total 
number of 
deviations)*100 
KPI 7.3 
Percentage of "Too 
few labels" 
(Number of too 
few labels/Total 
number of 
deviations)*100 
KPI 7.4 
Percentage of "Too 
many labels" 
(Number of too 
many labels/Total 
number of 
deviations)*100 
KPI 7.5 
Percentage of 
"Returns with no 
label" 
(Number of returns 
with no label/Total 
number of 
deviations)*100 
KPI 7.6 
Percentage of 
"Labelled cartons 
in storage" 
(Number of 
labelled cartons in 
storage/Total 
number of 
deviations)*100 
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Table D-2 - Sub KPIs of KPI8, with information about their measure and formula. 
Process ID Indicator Measure Formula 
Target 
Level(s) 
NC3 - 
Deviation 
Zone 
KPI 8 
Number of 
failed 
cartons 
during 
control 
  
  
  
  
  
  
  
Percentage of 
number of failed 
cartons during 
control (Types of 
reasons to fail, KPIs 
from 8.1 to 8.7) 
(Total number of fails 
in control/Total 
number of cartons 
sent out)*100 
0-0,01% 
KPI 8.1 Unmarked 
(Nº of cartons 
unmarked/Total 
number of fails in 
control)*100 
  
  
  
  
  
  
  
KPI 8.2 
Incorrectly 
labelled 
(Nº of cartons 
incorrectly 
labelled/Total number 
of fails in control)*100 
KPI 8.3 
More than one 
label 
(Nº of cartons with 
more that one 
label/Total number of 
fails in control)*100 
KPI 8.4 
Labels found with 
no cartons 
(Nº of labels found 
with no cartons/Total 
number of fails in 
control)*100 
KPI 8.5 Broken label 
(Nº of cartons with a 
broken label/Total 
number of fails in 
control)*100 
KPI 8.6 Missing label 
(Nº of cartons with 
missing labels/Total 
number of fails in 
control)*100 
KPI 8.7 New opening 
(Nº of new 
openings/Total 
number of fails in 
control)*100 
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GPST and Standard deviation calculations 
In order to calculate the target for the Final Global Performance Score (FGPS), the Global 
Performance Score Target (GPST) was calculated. 
This was made by using the target values as results, which returned a normalized value of 1, 
for each KPI. Multiplying the value to each KPI’s weights, gives us the grade of each KPI. 
Adding all the grades, gives us the GPST. 
The Table D-3 displays all these values and results. 
Table D-3 – All the values used to simulate the calculation of the Global Performance Score. 
ID Indicator Target Level(s) Result 
Weight (1-
10) 
Normalized 
value 
Grade 
(Normalized 
Value*weight) 
KPI 1 
Average time spent in 
unloading (cartons) 
0,16 0,16 6 1 6 
KPI 2 
Average time spent in 
put-away 
2,5 2,5 5 1 5 
KPI 3 
Inbound - Total 
production per man 
hour 
125 125 8 1 8 
KPI 4 
Outbound - Total 
production per man 
hour 
120 120 7 1 7 
KPI 5 
Number of rejected 
extra activity’s report 
5% 5 2 1 2 
KPI 6 
Number of cartons 
returned by the 
distributor 
0-0,02% 0,02 4 1 4 
KPI 7 Number of deviations 0,1 0,1 8 1 8 
KPI 8 
Number of failed cartons 
during control 
0-0,01% 0,01 3 1 3 
KPI 9 
Mistakes solved by the 
warehouse 
60-100% 100 6 1 6 
KPI 10 
Number of delayed 
shipments on M3 
0-1% 1 2 1 2 
     
GPST: 51 
 
Process Analysis and KPI specification for a 3PL Warehouse in Kuehne+Nagel Norway 
 
94 
After finding the GPST, we can now say that this value equals 100%, and it will be used to 
translate the FGPS into percentage, using the formula: 
(6) 𝐹𝑖𝑛𝑎𝑙 𝑔𝑙𝑜𝑏𝑎𝑙 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑠𝑐𝑜𝑟𝑒 =
𝐺𝑃𝐺∗100
𝑇𝐺𝑃𝑆
  
Also using these values, and the excel tools, the standard deviation was calculated: 
 
(5) σ = √
∑ (xi−x̅)2
n
i=1
n−1
≈ 2,5% 
 
Since a deviation of 2,5% would be too little, we decided to double the value, giving us a final 
standard deviation of approximately 5%. 
This way, if the FGPS is under 95%, it was defined that further analysis to the results should 
be done, in order to determine which KPI is falling short of the goals that were set. 
Also, when the warehouse’s FGPS reaches the 100% score, the target values should be 
revised so that a continuous improvement is pursued. 
 
FGPS 
Since, by the time this dissertation was finished, the warehouse still didn’t have any real 
results in all the KPI measurements, illustrative results were created in order to show how this 
system will work in real life. 
The results used for this simulation can be seen in Table D-4. 
In order to calculate the normalized values, the KPIs used the following formulas: 
 KPIs 5, 6, 8 and 10: 
(1) 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 = 1 −
𝑅𝑒𝑠𝑢𝑙𝑡
100
  
 KPI 9: 
(2) 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 =
𝑅𝑒𝑠𝑢𝑙𝑡
100
 
 KPIs 1, 2 and 7: 
(3) 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 = 1 −
𝑅𝑒𝑠𝑢𝑙𝑡−𝑇𝑎𝑟𝑔𝑒𝑡 𝑉𝑎𝑙𝑢𝑒
𝑇𝑎𝑟𝑔𝑒𝑡 𝑉𝑎𝑙𝑢𝑒
 
 KPIs 3 and 4: 
(4) 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 =
𝑅𝑒𝑠𝑢𝑙𝑡
𝑇𝑎𝑟𝑔𝑒𝑡 𝑉𝑎𝑙𝑢𝑒
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Table D-4 – Results used for the simulation of calculation of the FGPS. 
ID Indicator Formula 
Target 
Level(s) 
Top value 
of each 
equation 
Bottom value 
of each 
equation 
Real 
Result 
Weight 
(1-10) 
Grade 
(Normalized 
Value*weight) 
KPI 1 
Average time 
spent in 
unloading 
(cartons) 
Hours spent 
unloading/total 
number of cartons 
unloaded 
0,16 30 10500 0,17 6 5,57 
KPI 2 
Average time 
spent in put-
away 
Hours spent in put-
away/number of 
pallets stored 
2,5 2 40 3,00 5 4,00 
KPI 3 
Inbound - Total 
production per 
man hour 
Total amount of 
cartons 
produced/Total 
amount of man 
hours 
125 3000 27 111,11 8 7,11 
KPI 4 
Outbound - Total 
production per 
man hour 
Total amount of 
cartons 
produced/Total 
amount of man 
hours 
120 3500 26 134,62 7 7,85 
KPI 5 
Number of 
rejected extra 
activity’s report 
(Number of rejected 
extra activity 
reports/Total 
number of extra 
activity 
reports)*100 
5% 1 13 7,69 2 1,85 
KPI 6 
Number of 
cartons returned 
by the 
distributor 
(Number of cartons 
returned by the 
distributor/Total 
number of picked 
cartons in the 
previous week)*100 
0-
0,02% 
30 10000 0,30 4 3,99 
KPI 7 
Number of 
deviations 
(Total number of 
deviations/Total 
number man-hours) 
0,1 31 300 0,10 8 7,73 
KPI 8 
Number of failed 
cartons during 
control 
(Total number of fails 
in control/Total 
number of cartons 
sent out)*100 
0-
0,01% 
34 70000 0,05 3 2,99 
KPI 9 
Mistakes solved 
by the 
warehouse 
(Total amount of 
deviation-
Deviations with help 
from 
customer)/Total 
amount of 
deviations *100 
60-
100% 
60 
60 93,33 6 5,60 
4 
KPI 10 
Number of 
delayed 
shipments on M3 
(Nº of delayed 
shipments on 
M3/Total nº of 
shipments)*100 
0-1% 2 80 2,50 2 1,95 
     
FINAL GLOBAL PERFORMANCE 
SCORE: 
95,39% 
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Since the FGPS is within the 95-100% gap, this simulation doesn’t need further analysis. 
If it did, we could compare each result to the target value in the previous table, and find which 
KPI is/are returning values so far off from the target that was set. After that, the management 
can take action in trying to shorten that gap. 
